Background: This meta-analysis was conducted to evaluate the differences in preoperative comorbidities, postoperative mortality, the rate of periprosthetic joint infection (PJI), and revision rate after total joint arthroplasty (TJA) between patients with chronic kidney disease (CKD)(CKD group) and patients with normal kidney function (non-CKD group). Methods: We searched MEDLINE, EMBASE, and the Cochrane Library for studies assessing the effect of CKD on TJA outcome. This meta-analysis included studies that (1) compared the outcomes of TJA between the CKD and non-CKD groups; (2) compared the outcomes of TJA based on CKD stage; and (3) evaluated the risk factors for morbidity or mortality after TJA. We compared the mortality, PJI, and revision rate between CKD and non-CKD groups, and between dialysis-dependent patients (dialysis group) and non-dialysis-dependent patients (non-dialysis group). Results: Eighteen studies were included in this meta-analysis. In most studies that assessed preoperative comorbidities, the number and severity of preoperative comorbidities were reported to be higher in the CKD group than in the non-CKD group. The risk of mortality was found to be higher in the CKD and dialysis groups compared with the respective control groups. In the studies based on administrative data, the unadjusted odds ratio (OR) of PJI was significantly higher in the CKD group than in the non-CKD group; however, no significant difference between the groups was noted in the adjusted OR. After total hip arthroplasty (THA), the risk of PJI was higher in the dialysis group than in the non-dialysis group. No significant difference was noted between the groups in the rate of PJI following total knee arthroplasty. The revision rate did not significantly differ between the CKD and non-CKD groups in the studies that were based on administrative data. However, the unadjusted OR was significantly higher in the dialysis group than in the non-dialysis group. Conclusions: Preoperative comorbidities and mortality risk were higher in the CKD and dialysis groups than in their respective control groups. The risk of revision was greater in the dialysis group than in the non-dialysis group, and the risk of PJI in the dialysis group became even greater after THA. Surgeons should perform careful preoperative risk stratification and optimization for patients with CKD scheduled to undergo TJA.
Background
Total knee arthroplasty (TKA) or total hip arthroplasty (THA) is widely performed in patients with end-stage arthritis worldwide. Several authors have reported good longterm clinical outcomes and survivorship after total joint arthroplasty (TJA) in the lower extremities [1] [2] [3] . However, some patients experience surgery-related complications, such as surgical site infection and implant loosening after TJA, as well as multiple medical complications that can lead to serious results, such as death. Several studies have reported that poor clinical outcomes after TJA are related to various risk factors, including surgeon-related and implant-related factors [4] [5] [6] [7] . Because TJA is mainly performed in elderly patients, it is important to consider patient-related factors, such as preoperative comorbidities, when determining postoperative clinical outcomes. Correlation has been reported between comorbidities, such as cardiovascular disease, kidney disease, liver disease, and diabetes mellitus (DM), and various complications including mortality and periprosthetic joint infection (PJI) [8] [9] [10] . Chronic kidney disease (CKD) is defined as a reduction in glomerular filtration rate, albumin excretion, or both. The reported global prevalence rate of CKD is 8-16%, and it is one of several comorbidities that may be present in patients undergoing TJA [11] [12] [13] [14] . Renal osteodystrophy and long-term dialysis in CKD are associated with increased risk of joint arthropathy and osteonecrosis, which can increase the requirement for TJA [15] [16] [17] [18] . As CKD is associated with long-term DM and hypertension, patients with these conditions are highly likely to have other comorbidities. It has been reported that DM, which is regarded as an important risk factor for CKD, is correlated with aseptic loosening and PJI [10, 19] . CKD is also known to be correlated with cardiovascular mortality [13] . Therefore, the management of patients with CKD after TJA must include careful observation and treatment.
Mathew et al. [20] reported that CKD is an independent risk factor for mortality in patients undergoing noncardiac surgery. However, the effect of CKD on postoperative mortality and morbidity in patients who underwent TJA was not adequately investigated. Several studies reported correlation between CKD and TJA outcomes. Reports from earlier studies vary with regard to the effect of CKD on the risk of complications, such as mortality, PJI, and arthroplasty revision rate [15, [21] [22] [23] [24] [25] [26] . However, no systematic review or meta-analysis of this relationship was conducted. Therefore, it is essential to perform a systematic review of the available studies on the effect of CKD on the clinical outcomes of TJA.
This meta-analysis was conducted to evaluate differences in preoperative comorbidities and postoperative mortality, rate of PJI, and revision rate after TJA between patients who have CKD (CKD group) and patients with normal kidney function group (non-CKD group). We hypothesized that the CKD group would have more preoperative comorbidities and greater risks of mortality, PJI, and revision after TJA than the non-CKD group.
Methods

Literature search and information sources
This study was implemented in accordance with the guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-analyses statement and was based on the Cochrane review method. An independent medical librarian searched three databases (i.e., MEDLINE, EMBASE, and the Cochrane Library) from the dates of inception to 10 May 2019, to identify studies that evaluated the effect of CKD on the clinical outcomes of TJA. We used the following Medical Subject Heading (MeSH) terms and/or text words: ("Renal Insufficiency, Chronic"[-Mesh] OR "Kidney Failure, Chronic"[Mesh] OR "Chronic Renal Insufficiencies"[TW] OR "Chronic Kidney Failure"[TW]) AND ("Arthroplasty, Replacement"[Mesh] OR "total joint arthroplasty"[TW] OR "Arthroplasty, Replacement, Knee"[Mesh] OR "Knee Replacement Arthroplasty"[TW] OR "Arthroplasty, Replacement, Hip"[Mesh] OR "Hip Replacement Arthroplasty"[TW]). The full search procedure is shown in the Additional file 1. After the initial database search, the references of relevant articles were manually searched to identify additional studies. There was no restriction on the language and year of publication. Because this study was a meta-analysis of published literature, permission from the institutional review board or informed consent was not required.
Study selection
This meta-analysis included studies that met the following criteria: (1) they compared TJA outcomes between patients with CKD and patients with normal kidney function, (2) they compared TJA outcomes based on the CKD stage or implementation of dialysis, and (3) they evaluated risk factors for morbidity or mortality after TJA using CKD as a variable. Review articles, case reports, and studies on hemiarthroplasty, partial replacement arthroplasty, or revision TJA, and studies that did not compare the clinical outcomes of TJA between patients with CKD and patients with normal kidney function were excluded from this analysis. For studies containing insufficient data for the evaluation of TJA outcomes, we sent an e-mail to the authors; studies were excluded from this analysis if we did not receive a response or obtain the necessary data. Furthermore, only studies that used clear terminology on disease severity and chronicity, such as CKD, chronic renal disease or failure, dialysis, end-stage renal disease (ESRD), and moderate to severe renal disease, were included in this analysis. Those that did not clearly indicate the severity or chronicity, such as kidney disease or renal disease, and those without a description of the definition of kidney disease or renal disease in the text were excluded from the meta-analysis.
Two reviewers independently screened the titles and abstracts of the searched studies and selected relevant studies. The decision to include the studies screened by title in the meta-analysis was confirmed through fulltext review.
Assessment of methodological quality
Two reviewers independently evaluated the methodological quality of the selected studies using the Newcastle-Ottawa scale for nonrandomized studies in a systematic review and/or meta-analysis; it comprised the following three criteria: selection of the study groups (four numbered items), comparability of the groups (one numbered item), and ascertainment of either the exposure or outcomes of interest for case-control or cohort studies (three numbered items). The Newcastle-Ottawa scale awards stars to the items in each criterion, based on the level of bias; the maximum number of stars that can be acquired is nine.
Data extraction
Using a predefined data extraction form, two reviewers independently extracted the following data from the included studies: first author, year of publication, study design, sample size, type of surgery (THA or TKA), average age at the time of surgery, average follow-up duration, preoperative comorbidity, mortality, infection, and revision. Data on PJI or deep infection were extracted. Data on wound problems, superficial infections, and surgical site infections were excluded.
Statistical analysis
A meta-analysis was conducted on the postoperative outcomes (mortality, PJI, and revision) between the CKD and non-CKD groups. Although CKD is categorized into five stages (stages 1-5) based on the estimated glomerular filtration rate (eGFR), only stages 3, 4, and 5, which are characterized by eGFR less than 60 mL/min/1.73 m 2 , are considered as CKD. Dialysis is particularly vital for patients with stage 5 CKD (ESRD). To assess the impact of the severity of CKD on postoperative outcomes, a meta-analysis was also conducted between patients with CKD stage 5/ESRD and dialysis-dependent patients (dialysis group) and non-ESRD and non-dialysis-dependent patients (non-dialysis group). The dialysis and nondialysis groups of patients with CKD were not compared among the patients with CKD, but they were compared among all the patients who received TJA. In other words, the non-dialysis group also included patients with CKD who did not undergo dialysis. If studies separately reported both early and late complications after TJA, but did not report the raw data, only the data on early complications were used in the meta-analysis.
The meta-analysis was conducted by distinguishing between studies based on administrative data and studies based on hospital data. In the present study, hospital data refers to clinical data (e.g., serum creatinine level) recorded over the course of the patient's treatment in the hospital. In contrast, administrative data refers to registry data or claims data collected by government institutions and other organizations. A random effect model was used. The meta-analysis was conducted on the TJA outcomes reported by more than two studies. The odds ratio (OR) or hazard ratio (HR) of each outcome (mortality, PJI occurrence, and revision rate) and 95% confidence intervals (CIs) were used in the metaanalysis. For studies that did not report the outcome using the OR, the OR was computed on the basis of the raw data from the study. Heterogeneity was assessed using the I 2 statistic: I 2 of 25% was regarded as low heterogeneity, 50% was regarded as moderate heterogeneity, and 75% was regarded as high heterogeneity. Forest plots were used to represent the outcomes of each study, pooled estimates of effect, and overall summary effects: p values smaller than 0.05 were regarded as statistically significant. All statistical analysis was conducted using RevMan version 5.3 (Copenhagen, Nordic Cochrane Centre, The Cochrane Collaboration, 2014).
Results
Study selection
The study selection process is summarized in Fig. 1 . Through literature searches, we found a total of 467 studies, including 80 in PubMed (MEDLINE), 371 in EMBASE, and 16 in the Cochrane Library. No further studies were found through manual searches. Following the removal of 89 duplicate studies, we conducted screening of the titles and abstracts of 378 studies and full-text review of the remaining 45 studies. Finally, 18 studies were included in this analysis.
Study characteristics
Among the 18 studies included in this analysis, 12 studies [14, [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] were based on administrative data and 6 studies [15, 21, [33] [34] [35] [36] on hospital data. Among the 18 studies, 4 studies [23, 27, 29, 31] reported the outcome of THA, 7 studies [22, 24, 28, [32] [33] [34] [35] reported the outcome of TKA, and the remaining 7 studies [14, 15, 21, 25, 26, 30, 36] reported the outcomes of both THA and TKA.
The characteristics of the studies included are summarized in Table 1 . In most of the studies that were based on hospital data, CKD was defined by the eGFR, which was defined on the basis of the Modification of Diet in Renal Disease equation [37] , as follows: eGFR (mL/min/ 1.73 m 2 ) = 186.3 × serum creatinine (mg/dL) − 1.154 × age (years) − 0.203 × (0.742 if the patient was female). CKD stage was categorized in accordance with the clinical guidelines of the National Kidney Foundation, as follows [37] : CKD stage 1 (normal) for eGFR ≥ 90 mL/min/1.73 m 2 ; CKD stage 2 (mild) for eGFR 60-89 mL/min/1.73 m 2 ; CKD stage 3 (moderate) for eGFR 30-59 mL/min/ 1.73 m 2 ; CKD stage 4 (severe) for eGFR 15-29 mL/min/ 1.73 m 2 ; and CKD stage 5 for eGFR < 15 mL/min/1.73 m 2 . Some studies indirectly reported the CKD stages of the research subjects using terminology such as chronic renal failure, ESRD, or moderate to severe renal disease. Other studies [38] [39] [40] did not clearly describe the definition or stage of CKD. One study defined CKD as preoperative creatinine > 1.5 mg/L [29] . In general, CKD is defined as eGFR < 60 mL/min/1.73 m2 [37] . In this study, patients with CKD stages 3, 4, and 5, and dialysisdependent patients, were included in the CKD group, whereas patients with CKD stages 1 or 2 were included in the non-CKD group. For studies that were based on administrative data, the International Classification of Diseases, ninth revision, Clinical Modification [41] was used for the selection of research subjects. However, some studies did not contain specific descriptions of the method used for selection of research subjects.
Preoperative morbidity
In 11 studies [14, 15, 22-26, 30, 33, 34, 36] , the comorbidities or health status of patients in the CKD group before TJA were assessed using a variety of methods, including the American Society of Anesthesiologists (ASA) physical status score, the Charlson comorbidity index [42] , and the Elixhauser comorbidity index [43] . Some studies reported only the frequencies of certain diseases, such as DM and cardiovascular disease. Hematologic status was evaluated on the basis of hemoglobin level, hematocrit level, white blood cell count, and platelet count.
Although the studies in this meta-analysis reported that different diseases had a relatively high prevalence in the CKD group compared with the prevalence in the non-CKD group, most reported that the CKD group had more preoperative comorbidities. The types of preoperative comorbidity evaluated differed among studies. In summary, cardiovascular disease, valvular disease, congestive heart failure, DM, rheumatoid arthritis, and peripheral vascular disease were more prevalent in the CKD group. Additionally, the CKD group had lower hemoglobin levels and higher ASA scores, and greater alcohol abuse and smoking frequency, relative to the non-CKD group.
Mortality
There were 13 studies [14, 15, 21-26, 29, 30, 34-36] that compared mortality after TJA between CKD and non-CKD groups or between dialysis and non-dialysis groups: among them, 8 studies were based on administrative data and 5 studies on hospital data. Metaanalysis of mortality in studies based on administrative data showed that the risk of mortality was significantly greater in the CKD group than that in the non-CKD group ( Fig. 2a and b) ; the unadjusted OR was 1.93 (95% CI, 1.67-2.24; p < 0.00001; I 2 , 25%), and the adjusted OR was 1.89 (95% CI, 1.63-2.19; p < 0.00001; I 2 , 10%). The HR of mortality was also significantly higher in the CKD group than that in the non-CKD group. The unadjusted HR was 2.43 (95% CI, 1.82-3.24; p < 0.00001; I 2 , 64%), and the adjusted HR was 1.45 (95% CI, 1.02-2.05; p = 0.04; I 2 , 81%). The dialysis group had significantly greater mortality than the nondialysis group after both THA (adjusted OR, 4.20; 95% CI, 1.83-9.66; p = 0.0007; I 2 , 48%) and TKA (adjusted OR, 2.95; 95% CI, 1.29-6.76; p < 0.01; I 2 , 0%; Fig. 3 ). Meta-analysis of mortality in studies based on hospital data showed that respective risks of mortality were significantly greater in the CKD and dialysis groups than in the non-CKD (unadjusted OR, 5.38; 95% CI, 1.12-25.82; p = 0.004; I 2 , 66%) and non-dialysis groups (unadjusted OR, 3.82; 95% CI, 1.20-12.11; p = 0.02; I 2 , 0%; Fig. 4 ).
Periprosthetic joint infection
There were 11 studies [14, 15, [21] [22] [23] [24] [25] [31] [32] [33] [34] that evaluated the occurrence of PJI after TJA in the CKD group: among them, 7 studies were based on administrative data and 4 studies on hospital data. Meta-analysis of studies based on administrative data showed that the risk of PJI was significantly greater in the CKD group than in the non-CKD group (unadjusted OR, 1.37; 95% CI, 1.16-1.62; p = 0.0002; I 2 , 0%; Fig. 5) ; however, the adjusted OR was not significant. After THA, the dialysis group had greater risk of PJI than the nondialysis group (unadjusted OR, 3.50; 95% CI, 1.54-7.95; p = 0.003; I 2 , 24%; Fig. 6) . The difference was not significant between groups after TKA. Meta-analysis of studies based on hospital data showed no significant differences between the CKD and non-CKD groups or between the dialysis and nondialysis groups in terms of the occurrence of PJI (Fig. 7) .
Revision
Nine studies [14, 21, 23, 24, 27, 28, 31, 32, 34] evaluated the revision rate after TJA in the CKD group. Among them, seven studies were based on administrative data and two studies on hospital data. However, metaanalysis could only be conducted on the studies based on administrative data: this analysis showed no significant differences in the revision rate between the CKD and non-CKD groups (Fig. 8a and b) . The risk of revision in the ESRD/dialysis group was significantly greater than that in the non-dialysis group (unadjusted OR, 2.15; 95% CI, 1.77-2.62; p < 0.00001; I 2 , 0%; Fig. 9 ).
Discussion
In this meta-analysis, patients with CKD had more preoperative comorbidities and more severe preoperative comorbidities and higher risk of mortality after TJA, compared with patients with normal kidney function. Patients with severe CKD (i.e., ESRD) and dialysis-dependent patients had more risk of PJI and revision surgery. CKD is defined as kidney damage or glomerular filtration rate lower than 60 mL/min/1.73 m 2 for ≥ 3 months; it poses a high risk of joint arthropathy or osteonecrosis secondary to renal osteodystrophy or long-term dialysis. Therefore, TJA is commonly performed in patients with CKD [11, 14, 15, 18, 44] . Because CKD is related to DM and hypertension, patients with CKD presumably have greater preoperative comorbidities and worse postoperative clinical outcomes, compared with patients with normal kidney function. A previous systematic review reported that CKD increases the risks of postoperative death or cardiovascular events among non-cardiacsurgery patients [20] . Although the effects of CKD on the outcomes of TJA have been reported in several studies, to the best of our knowledge, no systematic review or meta-analysis on this topic has yet been conducted. The value of the present meta-analysis is that it might enable surgeons to predict the prognosis of patients with CKD after TJA.
To assess the impact of CKD on TJA outcome, differences in the numbers and severities of comorbidities between CKD and non-CKD groups must be assessed. More preoperative comorbidities or more severe preoperative comorbidities will likely affect TJA outcome. Most studies in this meta-analysis reported that the CKD group had a relatively high prevalence of cardiovascular disease, DM, and peripheral vascular disease, which can be attributed to the relationships between CKD and DM and hypertension. Moreover, when compared with the non-CKD group, the CKD group exhibited higher prevalence of liver disease, rheumatoid arthritis, gout, alcohol abuse, and smoking, and had higher ASA and Charlson comorbidity scores and lower hemoglobin. Overall, although the tools used for evaluation of preoperative comorbidities varied among the studies, the CKD group had more comorbidities and more severe comorbidities than the non-CKD group.
Whether the presence of CKD is an independent risk factor for mortality in TJA is currently controversial. The current meta-analysis showed that the CKD and dialysis groups had greater mortality after TJA than the non-CKD and non-dialysis groups, respectively, regardless of the source of the data (hospital or administrative). More severe preoperative comorbidities are the greatest contributor to the greater mortality rate among patients with moderate to severe CKD, relative to patients with normal kidney function or mild CKD. After adjustment for diverse confounder effects, such as age and the presence of DM, however, it was difficult to conclude whether the presence of CKD itself was a risk factor for the high mortality rate. In this analysis, most of the studies based on administrative data controlled for confounders. However, most of the studies based on administrative data that we included in our metaanalysis controlled for confounders in their analyses. Furthermore, there was heterogeneity among the studies included. Considering these points, further studies are recommended that can clarify whether the presence of CKD is an independent predictor of mortality in TJA.
Many studies have reported correlation between the presence of CKD and the occurrence of infection after TJA. A number of factors, including nutritional deficiencies, anemia, metabolic imbalance, poor circulation, and reduced immunity, have been reported to affect the occurrence of PJI among patients with CKD [15, 30, 45] . Meta-analysis of studies based on administrative data showed that after THA, the CKD group had higher unadjusted odds of PJI than the non-CKD group, whereas the dialysis group had higher unadjusted odds of PJI than the non-dialysis group. Meta-analysis of studies based on hospital data showed no significant differences between the CKD and non-CKD groups. Considering the low incidence of PJI after TJA and the small number of studies based on hospital data, however, the results of meta-analysis of studies based on administrative data will have higher reliability. Therefore, the presence of CKD can be regarded as a risk factor for PJI after TJA.
In terms of revision, the dialysis group showed significantly higher odds of revision than the non-dialysis group in this study, whereas there was no significant difference between the CKD and non-CKD groups. The severity of CKD presumably affected the revision rate. Apart from medical comorbidities and the occurrence of PJI, the dialysis group showed a higher possibility of revision than the non-dialysis group for a variety of reasons, such as reduced osseointegration due to poor bone quality, implant loosening, or periprosthetic fracture [30, 46] . Considering the heterogeneity among studies included in this analysis and the short follow-up duration of the studies included, which interfered with evaluation of the revision rate, it is difficult to conclude whether the revision rate in patients with moderate CKD differs from that in patients with normal kidney function or mild CKD. To evaluate the effect of CKD on the rates of PJI and revision, high-quality studies that control for confounders are recommended in the future.
This study had several limitations. First, most studies were conducted in developed countries, such as the USA and European nations. Therefore, it is difficult to generalize the results of this study to developing countries. Second, the research subjects included in this study had various stages of CKD. Postoperative outcomes should be evaluated on the basis of CKD stage, to accurately assess the effect of the presence of CKD on TJA outcomes. However, most studies included in this metaanalysis did not present outcomes based on CKD stage. Nevertheless, depending on the severity of disease, TJA outcomes could be indirectly evaluated through the comparison of outcomes between dialysis and nondialysis groups. Third, surgical types and techniques varied among studies. Although subgroup analysis was conducted on the basis of the type of surgery, it was insufficient to draw conclusions on correlation between the type of surgery and the outcomes reported. Last, on comparing the dialysis and non-dialysis groups, patients with CKD who did not receive dialysis were included in the non-dialysis group. This group distinction should be considered when interpreting the present results. Comparison within the CKD group between patients who underwent dialysis and those who did not could not be performed in the present study because of the lack of data.
Conclusions
Preoperative comorbidity and mortality risk were greater in the CKD and dialysis groups than in their respective control groups. The risk of revision was greater in the dialysis group than in the non-dialysis group, and the risk of PJI in the dialysis group became even greater after THA. Surgeons should perform careful preoperative risk stratification and optimization for patients with CKD scheduled to undergo TJA.
